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[Title of the Invention] 

Ink Jet Recording Method and Ink Jet 
Apparatus 

[Claims] 

1. An ink jet recording method, in which a 
recording head comprising a plurality of aligned ink 
ejecting orifices is repeatedly moved in a scanning 
manner in the direction different from the direction 
in which the ink ejecting orifices are aligned, to 
incrementally form an image by sequentially forming a 
plurality of image sections, being characterized in 
that in order to form an image, in which the borders 
between two adjacent image sections corresponding to 
two adjacent scanning tracks of the ink jet recording 
head are as imperceptible as possible, 

the portion of binary image formation data 
corresponding to one or both of the first and last 
rasters of a given scanning track of the recording 
head is divided into a plurality of processual binary 
data units equivalent to a predetermined number of 
dots; 

the theoretical amount by which ink is to be 
ejected from the set of ink ejecting orifices 
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corresponding to each processual binary data unit is 
calculated from the processual binary data unit; and 

the amount, by which ink is ejected from the 
set of ink ejecting orifices corresponding to the 
processual binary data, is reduced, based on the 
calculated theoretical amount, in a manner to reduce 
the dot count of the image section corresponding to 
the processual data unit. 

2. An ink jet recording method, in which a 
plurality of recording heads comprising a plurality of 
aligned ink ejecting orifices are repeatedly moved in 
a scanning manner in the direction different from the 
direction in which the ink ejecting orifices are 
aligned, to incrementally form a plurality of images 
different in colors, by sequentially forming a 
plurality of image sections, being characterized in 
that in order to form an image, in which the borders 
between two adjacent image sections corresponding to 
two adjacent scanning tracks of the ink jet recording 
head are as imperceptible as possible, 

the portion of binary image formation data 
corresponding to one or both of the first an last 
raster of a given scanning track of the recording head 
is divided into a plurality of processual binary data 
units equivalent to a predetermined number of dots; 
and 
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a correction process, in which the amount, by 
which ink of a given color is ejected from the set of 
ink ejecting orifices corresponding to each processual 
binary data unit, is reduced, based on the calculated 
theoretical amount by which the ink of the given color 
is to be ejected from the set of ink ejecting orifices 
corresponding to the processual binary data unit, 
according to the given processual binary data unit, 
and the total of the amounts by which the inks of the 
colors other than the given color are ejected, 
according to the same processual binary data unit, is 
sequentially repeated for all the processual binary 
data units and all the colors, in a manner to reduce 
the dot count of the image section corresponding to 
the processual data unit for each color. 

3, An ink jet recording method according to Claim 
2, wherein the dot count of the image section 
corresponding to a given processual binary data unit 
is reduced with reference to a correction table 
prepared for each color in advance to show the 
relationship among the amount by which the ink of a 
given color is ejected by the set of ink ejecting 
orifices corresponding to the given processual binary 
data unit, the total of the amounts by which the inks 
of the colors other than the given color are ejected 
by the sets of ink ejecting orifices for the inks of 
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the other colors corresponding to the same processual 
binary data unit, and the correct amount by which the 
ink of the given color should be ejected. 

4. An ink jet recording apparatus, which 
repeatedly moves a recording head comprising a 
plurality of aligned ink ejecting orifices, in a 
scanning manner in the direction different from the 
direction in which the ink ejecting orifices are 
al igned , to incremental ly form an image by 
sequentially forming a plurality of image sections, 
being characterized in that in order to form an image, 
in which the borders between two adjacent image 
sections corresponding to two adjacent scanning tracks 
of the ink jet recording head are as imperceptible as 
possible, the ink jet recording apparatus comprises: 

means for dividing the portion of binary 
image formation data corresponding to one or both of 
the first and last rasters of a given scanning track 
of the recording head, into a plurality of processual 
binary data units equivalent to a predetermined number 
of dots , and calculating the theoretical amount by 
which ink is to be ejected from the set of ink 
ejecting orifices corresponding to each processual 
binary data unit, based on the processual binary data 
unit; and 

dot-thinning means for reducing the amount, 



-5- 



in terms of dot count, by which ink is ejected from 
the set of ink ejecting orifices corresponding to the 
processual binary data, based on the calculated 
theoretical amount, in a manner to reduce the dot 
count of the image section corresponding to the 
processual data unit. 

5. An ink jet recording apparatus according to 
Claim 4, wherein said dot-thinning means carries out 
the dot-thinning process by referring to correction 
tables prepared in advance to show the relationship 
between the calculated theoretical amount by which ink 
is ejected, and the correct amount by which ink should 
be ejected. 

6. An ink jet recording apparatus according to 
Claim 5, wherein said correction tables are 
independently prepared for each of the primary colors. 

7. An ink jet recording apparatus according to 
Claim 5 or 6, wherein said correction tables show the 
relationship among the amount by which the ink of a 
given color is ejected by the set of ink ejecting 
orifices corresponding to a given processual binary 
data unit, total of the amounts by which the inks of 
the primary colors other than the given color are 
ejected by the set of ink ejecting orifices for the 
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other colors, according to the same processual binary 
data unit, and, correct amounts by which the ink of 
the given primary color should be ejected. 

8. An ink jet recording apparatus according to 
Claim 5, 6, or 7, wherein a plurality of correction 
tables are prepared according to recording conditions 
inclusive of at least recording medium type, and are 
selectively used according to the recording 
conditions . 

9- An ink jet recording apparatus according to 
any of Claims 4-8, wherein the priority order in 
which the dots corresponding to each processual binary 
data unit are eliminated is predetermined according to 
dot position, 

10. An ink jet recording apparatus according to 
Claim 9, wherein if the dots corresponding to the 
first and last rasters of a given scanning track are 
the targets of the dot-thinning process, the first and 
last rasters are made different from each other in the 
priority order in which the dots corresponding each 
processual binary data unit are eliminated. 

[Detailed Description of Invention] 
[Field of the Invention] 
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The present invention relates to an ink jet 
recording apparatus employing a single-pass recording 
method. 

[Description of the Prior Art] 

Generally speaking, when forming an image 
using an ink jet recording apparatus, a recording head 
comprising a plurality of aligned ink ejecting 
orifices from which ink is ejected is repeatedly moved 
in a scanning manner in the direction different from 
the direction in which the ink ejecting orifices are 
aligned. Therefore, each scanning run of the 
recording head in the primary scanning direction 
results in the formation of an image section in the 
form of a band. As each image section is formed, ink 
sometimes bleeds at the edges of the image section in 
the form of a band, due to recording medium 
properties, for example, surface condition. Thus, 
the so-called "border streak", a type of image defect, 
is sometimes created between two adjacent image 
sections . 

All that is necessary to prevent the 
occurrence of this defect is to employ one of the 
multi-pass recording methods in which a given portion 
of an image equivalent in size to the above described 
image section in the form of a "band" in a single-pass 
method is completed by moving the recording head a 
plurality of times in the primary scanning direction, 
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across the portion of recording medium corresponding 
to the given portion of the image. However, the 
employment of a multi-pass recording method reduces 
recording speed, which is a problem. 
[Problems to be Solved by the Invention] 

There are various technologies for preventing 
the occurrence of the border streak in a single-pass 
ink jet recording apparatus. For example, there is the 
technology disclosed in Japanese Laid-open Patent 
Application 7-89099. This technology prevents the 
occurrence of the border streak by reducing the amount 
of ink bleeding by reducing the values of the 
recording signals (multi-value signals) for recording 
the image section straddling the border between two 
adjacent "bands" . 

This method, however, suffered from the 
following faults because the attempt to prevent the 
occurrence of the border streak was made at the image 
formation signal level. 

That is, first, most of the widely used 
ink jet recording apparatuses are connected, as 
peripheral apparatuses, to a computer or the like. 
Thus, the image formation data are processed by the 
computer or the like (for example, converted into 
binary data), and are transferred to an ink jet 
recording apparatus to record images. Also, providing 
an ink jet recording apparatus with an image formation 
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data input portion or image formation data processing 
portion, which processes multi-value signals, 
increases the cost of the apparatus, as well as the 
signal processing time of the apparatus. Thus, 
providing an ink jet recording apparatus for the 
general public with such a data processing portion is 
not practical. In addition, the prevention of the 
border streak at the image formation signal level 
requires an ink jet recording apparatus to spend a 
substantial amount of time to convert multi-gradation 
image formation data into binary image formation data; 
in other words, it wastes time, reducing recording 
speed. In comparison, an ink jet recording apparatus 
in accordance with the present invention does not 
prevent the border streak at the multi-value image 
formation signal level. Instead, it targets binary 
image formation data in order to prevent the border 
streak . 

Second, all ink jet recording apparatuses are 
not the same in properties, for example, the distance 
by which recording medium is moved in the secondary 
scanning direction, and also, all recording media are 
not the same in properties. Thus, all ink jet 
recording apparatuses and recording media are not the 
same in the amount by which ink bleeds. Thus, it is 
difficult to satisfactorily prevent the border streak 
with the use of the above described prior technology. 
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Further, unless precise information regarding the 
borders between two adjacent scanning tracks of a 
given ink jet recording apparatus is available, it is 
very difficult to make corrections with the use of the 
host apparatus such as a computer. 

Thus, the present invention was made to solve 
the above described problem, and its object is to 
provide a single-pass ink jet recording apparatus 
capable of preventing the occurrence of an unwanted 
streak at the border between two adjacent image 
sections, by processing binary image formation data on 
the side of an image recording apparatus. 

Another object of the present invention is to 
provide a single-pass ink jet recording apparatus 
capable of minimizing the possibility that an unwanted 
streak will appear at the border between two adjacent 
bands of image sections due to the variances among 
ink jet recording apparatuses, and the variance in 
bleeding among recording media, by processing binary 
image formation data on the ink jet recording apparatus 
side. 

[Means for Solving Problems] 

According to the present invention made to 
accomplish the above described objects, an ink jet 
recording method, in which an image is incrementally 
formed by sequentially forming a plurality of image 
sections by repeatedly moving a single or plurality of 



recording heads comprising a plurality of aligned ink 
ejecting orifices, in a scanning manner in the 
direction different from the direction in which the 
ink ejecting orifices are aligned, is characterized in 
that in order to form images in which the so-called 
border streaks are as imperceptible as possible, the 
portion of the image formation data corresponding to 
one or both of the first and last rasters of a given 
scanning track of the recording head, is divided into 
a plurality of processual data units equivalent to a 
predetermined number of dots; the theoretical amount 
by which ink is to be ejected by the ink ejecting 
orifices corresponding to one or both of the first and 
last rasters, according to a given processual binary 
image formation data, while they are moving across the 
portion of recording medium corresponding to each 
processual data unit, is calculated; and the amount by 
which ink is ejected by the ink ejecting orifices 
corresponding to one or both of the first and last 
rasters is reduced, based on the calculated 
theoretical amount, by dot-thinning, that is, by 
reducing the number of dots to be printed on the 
portion of the recording medium corresponding to the 
given processual data unit. 

According to this method, the amount by which 
ink is ejected along the border between two adjacent 
image section corresponding to two adjacent scanning 
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tracks can be corrected using the binary image 
formation data, making it unnecessary to modify the 
processes carried out by the external apparatus such 
as a computer. In other words, the process for 
minimizing the possibility that the unwanted streaks 
will be effected at the border between two adjacent 
image section corresponding to two adjacent scanning 
tracks can be carried out on the ink jet apparatus 
side . 

Also according to this method, the portion of 
the image formation data corresponding to the rasters 
corresponding to the target areas for correction are 
divided into a plurality of relatively small 
processual data units, making it possible to reduce 
process load without reducing print quality. 

According to another aspect of the present 
invention, an ink jet recording method, in which an 
image is incrementally formed by sequentially forming 
a plurality of image sections by repeatedly moving a 
plurality of recording heads, one for each color, 
comprising a plurality of aligned ink ejecting 
orifices, in a scanning manner in the direction 
different from the direction in which the ink ejecting 
orifices are aligned, is characterized in that the 
portion of the image formation data corresponding to 
one or both of the first and last rasters of each 
scanning track of each recording head is divided into 
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a plurality of processual data units equivalent to a 
predetermined number of dots; and a correction process 
(dot-thinning process) in which the amount, in terms 
of dot count, by which the ink of a given color is 
ejected by the ink ejecting orifice corresponding to 
the raster next to the border between two adjacent 
scanning tracks while the ink ejecting orifice is 
scanning the recording medium section corresponding to 
each processual data unit, is reduced, based on the 
theoretical amount by which the ink of the given color 
is to be ejected, according to the given processual 
binary image formation data, by the ink ejecting 
orifices for the given color corresponding to one or 
both of the first and last rasters of the scanning 
track, while the ink ejecting orifices are scanning 
the recording medium section corresponding the given 
processual data unit, and also, the total of the 
theoretical amounts, in terms of dot count, by which 
the inks of the colors other than the given color are 
ejected, according to the same processual binary image 
formation data unit, by the ink ejecting orifices for 
the colors other than the given color corresponding to 
the same raster or rasters of the same scanning track, 
while the ink ejecting orifices are scanning the same 
recording medium section, is sequentially carried out 
for all the processual data units of all colors; and 
the ink ejecting orifices corresponding in position to 
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the first or last raster of a given scanning track are 
made to eject ink by the corrected amounts while they 
are moving across the recording medium portion 
corresponding to the given processual data unit to 
reduce the number by which dots are printed while the 
ink ejecting orifices are scanning across the 
recording medium portion corresponding to the given 
processual data unit. 

It is preferable that the aforementioned ink 
dot-thinning process is carried out with reference to 
a single or plurality of prepared correction tables 
containing the correct amount by which the ink of a 
given color should be ejected by the ink ejecting 
orifice corresponding to the first or last raster of a 
given scanning track of the recording head while the 
ink ejecting orifice is scanning the recording medium 
portion corresponding to a given processual data unit, 
along with the amount by which the ink of the given 
color is ejected by the ink ejecting orifice for the 
ink of the given color corresponding to the first or 
last raster of a given scanning track of the recording 
head, according to the given binary image formation 
data unit, while the ink ejecting orifice is scanning 
the recording medium portion corresponding to the 
given processual data unit, and the total of the 
amounts by which the inks of the colors other than the 
given color are ejected by the ink ejecting orifices 
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for the inks of the polors other than the given color 
corresponding to the same raster, according to the 
same processual binary image formation data unit, 
while the ink ejecting orifices are scanning the same 
recording medium portion. The usage of the prepared 
correction tables can speed up the correction process. 
Further, the preparation of a plurality of correction 
tables according to the correction target, for 
example, image section, color, recording medium type, 
etc., makes it possible to carry out in a more 
appropriate manner the correction process for 
minimizing the possibility of the occurrence of the 
border streak . 

An ink jet recording apparatus in accordance 
with the present invention, which incrementally forms 
an image on recording medium by sequentially forming a 
plurality of image sections in the form of a band by 
repeatedly moving its single or plurality of recording 
heads comprising a plurality of aligned ink ejecting 
orifices, in a manner to scan the recording medium in 
the direction different from the direction in which 
the ink ejecting orifices are aligned, is 
characterized in that it comprises a means for 
dividing the portion of binary image formation data 
corresponding to one or both of the first and last 
rasters of a given scanning track of the recording 
head, into a plurality of processual image formation 
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data units equivalent in size to a predetermined 
number of ink dots, and calculating the theoretical 
amount by which the ink ejecting orifice or orifices 
corresponding to one or both of the first and last 
rasters while the ink ejecting orifice or orifices are 
scanning the portion of the recording medium 
corresponding to the given processual image formation 
unit, and a thinning means for reducing the amount, in 
terms of dot count, by which ink is ejected by the ink 
ejecting orifices or orifices corresponding to one or 
both of the first and last rasters of the given 
scanning track of the recording head, in a manner to 
reduce the number of ink dots printed while the 
orifice or orifices are scanning the portion of the 
recording medium corresponding to the given processual 
image formation data unit, in order to minimize the 
possibility of the occurrence of the unwanted streak 
at the borders between two adjacent portions of the 
image corresponding to two adjacent scanning tracks of 
the recording head. 

The above described thinning means is desired 
to carry out the thinning process with reference to a 
single or plurality of prepared correction tables 
containing the theoretical amount by which ink is to 
be ejected, and the corrected amount by which ink 
should be ejected. 

Regarding the above described correction 
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tables, a plurality of correction tables may be 
individually prepared according to ink color, one for 
one. The usage of the correction tables speeds up the 
correction processes. 

The correction tables contain the corrected 
amounts by which ink should be ejected, which were 
determined based on, for example, the theoretical 
amounts by which the ink of a given color is to be 
ejected by the ink ejecting orifice or orifices 
corresponding to one or both of the first and last 
rasters of a given scanning track of the recording 
head while the ink ejecting orifice or orifices are 
scanning the portion of recording medium corresponding 
to a given processual image formation data unit, and 
the total of the theoretical amounts by which the inks 
of the colors other than the given color are ejected 
by the ink ejecting orifices other than the ink 
ejecting orifice for the ink of the given color, 
corresponding to the same raster or rasters, according 
to the same processual image formation data unit, 
while they are scanning the same portion of the 
recording medium. 

There may be prepared a plurality of 
correction tables according to the type of recording 
condition inclusive of at least the type of recording 
medium, in order to make it possible for the 
correction tables to be selectively used according to 



-18- 

the recording condition type. 

The priority order in which a given dot 
within a set of ink dots corresponding to a given 
processual image formation data unit is eliminated is 
desired to be prepared based on its position within 
the set of the ink dots. Further, it is desired to be 
prepared so that when two or more ink dots in the set 
of the ink dots are to be eliminated, any two ink dots 
to be sequentially eliminated will not be adjacent to 
each other. 

It is desired that when the dot-thinning 
process is carried out on both the portion of the 
image formation data corresponding to the first raster 
of a given scanning track of the recording head and 
the portion of the image formation data corresponding 
to the last raster of the preceding scanning track of 
the recording head, the priority order in which each 
ink dot is eliminated from the first raster is 
differentiated from the priority order in which each 
ink dot is eliminated from the last raster. 
[Detailed Description of the Invention] 

Hereinafter, the preferred embodiments of the 
present invention will be described in detail with 
reference to the appended drawings. 

Figure 1 is a block diagram showing the 
general structure of the ink jet recording apparatus in 
accordance with the present invention. In the 
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drawing, a reference code 11 stands for a CPU for 
controlling the overall operation of the apparatus, 
and a referential code 12 stands for a RAM used as an 
operational region for the CPU 11 and a temporary data 
storage region. Designated by a referential code 13 
is a ROM, in which the programs and data for driving 
the ink jet recording apparatus are stored, and which 
is used by the CPU 11. Designated by a referential 
code 14 is an interface portion through which the 
image forming apparatus is connected to an external 
apparatus (unshown) such as a computer, and also, 
through which binary data are transferred to the 
ink jet recording apparatus. Designated by a 
referential code 15 is a liquid crystal display for 
displaying the graphic man/machine interfaces, and 
designated by a referential code 16 is a keypad for 
selecting the various settings of the ink jet recording 
apparatus. A referential code 17 stands for a 
printing portion employing a single or plurality of 
ink jet heads, and a referential code 18 stands for a 
system bus for connecting the CPU 11 to various 
elements in the apparatus. 

The printing portion 17 comprises four ink jet 
heads for ejecting four different inks, that is, black 
(K) ink, cyan (C) ink, magenta (M) ink, and yellow (Y) 
ink, one for one. In this embodiment, each ink jet 
head has 128 nozzles, and ejects ink droplets in 
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response to binary image formation data. 

Figure 2 is a flowchart of the image 
formation process, showing from the input data 
reception to the actual printing, of the image forming 
apparatus in accordance with the present invention. 

First, the image formation data are received 
from an external source (S21). The received data are 
analyzed and divided into a plurality of blocks of 
printing data, each of which corresponds to an image 
section printable by a single scanning run of the 
ink jet recording apparatus in the primary scanning 
direction (S22). Next, the amount of each color ink 
to be ejected (in terms of dot count) is computed for 
the first and last rasters of the first scanning track 
of the ink jet head (S32). Then, the printing data are 
corrected with reference to a single or plurality of 
correction tables 28 (S24). Then, in order to print 
an image, each ink jet head is driven based on the 
image formation data corrected as described above 
(S25). The above described process is repeated until 
the entirety of the image is completed (S26). 

Figure 3 is a drawing for describing the 
correction process carried out for correcting the 
amount by which ink is ejected from each ink jet head. 
In this case, the amount by which ink is ejected onto 
the areas of a recording medium corresponding to the 
first and last rasters of each scanning tracks the 
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ink jet head is corrected, except that the amount by 
which ink is ejected onto the areas of the recording 
medium corresponding to the first raster of the first 
scanning track and the last raster of the last 
scanning track is not corrected. 

For example, if the number of the nozzles 
each ink jet head has is 128, the number of nozzles per 
scanning track is also 128. Thus, the ink droplets 
ejected by the first and 128th nozzles are the targets 
of the correction. All nozzles do not necessarily 
eject ink while scanning recording medium. Therefore, 
the nozzles which are to be controlled in terms of the 
amount by which ink is ejected therefrom are not 
necessarily the first and last nozzles of the single 
column of nozzles. 

Although, in this embodiment, the portions of 
the image formation data corresponding to the first 
and last rasters of each scanning track are selected 
as the correction targets, the portions of the image 
formation data corresponding to two or more rasters on 
one or both of the starting and ending sides of each 
scanning track may be selected as the targets for 
correction. In particular, when recording medium 
which is likely to suffer from bleeding is used, it is 
desired to make corrections for the portions of the 
image formation data corresponding to two or more 
rasters. In other words, whether corrections should 
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be made for the portions of image formation data 
corresponding to one or two rasters on one or both of 
the starting and ending sides of each scanning track 
may be determined based on the properties of an 
individual ink jet recording apparatus and the 
predicted amount of the bleeding (one of paper 
properties) which a given recording medium suffers. 

Next, the process for correcting the amount 
by which ink is ejected by the ink ejecting orifices 
adjacent to the border between two adjacent scanning 
tracks will be describe^. 

First, the image portion straddling the 
border of the two adjacent scanning tracks is divided 
into a predetermined number of areas which are 
identical in shape and size. In consideration of the 
relationship between the amount of work and the 
effects thereof, the portion of the image formation 
data corresponding to the image portion corresponding 
to the last raster of the preceding scanning track and 
the first raster of the following scanning track is 
selected as the correction target. The portion of 
image formation data corresponding to each raster is 
divided into a plurality of processual image formation 
data units equivalent to 5 x 1 dot matrix. However, 
this division is not intended to limit the scope of 
the present invention. In other words, as described 
above, the portion of the image formation data, for 
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which the ejection amount correction is made, does not 
need to be limited in size so that this portion of the 
image formation data encompasses only a single raster 
on each side of the border. Further, the dot count in 
each matrix does not need to be limited to five. 

Figure 4 is a schematic drawing of the image 
formation data (for Y, M, C, and K colors) which 
correspond to a given image portion encompassing a 
single raster divided into a plurality of 5x1 dot 
matrixes. The right end matrixes, that is, the 
incomplete matrixes, cannot be properly processed by 
the correction process to which the rest are 
subjected, and also, leaving them unprocessed has 
little effect upon the outcome of the correction 
process. Therefore, these matrixes are omitted from 
the correction targets . 

The correction process is carried out for the 
portion of the image formation data corresponding to 
each of the image portions straddling the border 
between two adjacent scanning tracks, and also, for 
each color. For example, in order to obtain the 
correct amount by which yellow ink should be ejected 
from the orifices corresponding to a given processual 
image formation data unit, first, the theoretical 
number (0<x<5)of times yellow ink is to be 
ejected by the yellow ink ejecting orifice 
corresponding to the processual image formation data 
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unit, according to the processual image formation data 
unit, while the ink ejecting orifice is scanning the 
portion of recording medium corresponding to the 
processual image formation data unit, as well as the 
total y(0<x<15)of the theoretical numbers of 
times magenta, cyan, and black inks are each ejected 
by the magenta, cyan, and black ink ejecting orifices 
corresponding to the same processual image formation 
data unit, according to the same image formation data 
unit, while they are scanning the same portion of the 
recording medium, are obtained. Then, the correct 
amount by which yellow ink should be ejected is 
obtained from a correction table, which was prepared 
through experiments, and which contains the 
theoretical dot count z (0 < x < 5) capable of 
minimizing the possibility of the occurrence of the 
border streak between two adjacent image portions 
corresponding to the two adjacent scanning tracks. As 
for the correction table, it is prepared for each of 
the four inks different in color. The correction table 
for the ink of a given color shows the relationship 
among the amount x by which the ink of the given color 
is ejected according to the original image formation 
data, the total y of the amounts by which the inks 
other than the ink of the given color are each ejected 
according to the original image formation data, and 
the correct dot counts z(0<x<5) which minimize 
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the possibility of the occurrence of the border streak 
between two image portions corresponding to two 
adjacent scanning tracks. Thus, there are four 
correction tables Y, M, C, and K, one for each color. 
Therefore, a proper correction value can be obtained 
for each color. However, this embodiment is not 
intended to exclude a table setup different from the 
one in this embodiment, for example, a setup in which 
a single common correction table is used for all four 
colors, a setup in which one common correction table 
is prepared for correcting the amount by which the Y, 
M, and C inks are ejected, and another correction 
table is prepared exclusively for correcting the 
amount by which K ink is ejected. 

Thus, the correct value for the amount by 
which the ink of a given color should be ejected can 
be obtained by referring to the correction table, 
which contains the values of the x and y obtained from 
the original binary image formation data, and the 
correct values corresponding to the values of the x 
and y. Then, the amount by which the ink of the given 
color is ejected from the ink ejecting orifice 
corresponding to the processual image formation data 
unit is reduced in the following manner. For example, 
when the value of the dot count x for yellow color 
corresponding to a given processual image formation 
data unit is 5, and the value of the total y of the 
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dot counts for the colors other than yellow 
corresponding to the same processual image formation 
data unit is 3, the correct value, in terms of dot 
count, of the amount by which yellow ink should be 
ejected by the ink ejecting orifice corresponding to 
the given processual image formation data is 1. The 
correction process is carried out for each of the 
other colors. It will be described later which dot or 
dots within a set of dots corresponding to a given 
processual image formation data unit are to be 
eliminated when the dot count for a given color must 
be reduced . 

Figure 7 is a correction table 28, that is, a 
concrete example of the correction table, in which the 
dot count corresponding to a given processual image 
formation data unit is 5. As described before, the 
relationship among the amount x by which the ink of a 
given color is to be ejected according to the original 
binary image formation data, and the total y of the 
amounts by which the inks of the colors other than the 
given color are ejected according to the original 
binary image formation data, and the ideal amount by 
which the ink of the given color should be eject to 
minimize the possibility of the occurrence of the 
bbrder streak between two adjacent image portions 
corresponding to two adjacent scanning tracks, is 
predetermined for each color (Y, M, C, or K) through 
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experiments, and is presented in the form of the 
correction table for each color. 

Two separate correction tables may be 
prepared for the plurality of the processual image 
formation data units for the first raster of a given 
scanning track, and those for the last raster of the 
same scanning track, one for one. Such an arrangement 
makes it possible to make the processual image 
formation data unit corresponding to first raster 
different in correction value from that corresponding 
to the last raster, providing a finer correction 
process . 

Figure .5 is a schematic drawing showing how 
the amount by which the ink of a given color is 
ejected by the ink ejecting orifice corresponding to a 
given processual image formation data unit is reduced, 
more specifically, the priority order in which each of 
the set of dots corresponding to the given processual 
image formation data unit is eliminated (dot-thinning 
process). The priority order is set so that two 
adjacent numerical values representing the priority 
order in which each of the set of dots corresponding 
to the given processual image formation data unit do 
not become sequential. The priority order is also set 
so that a given processual image formation data unit 
corresponding to the last raster (raster immediately 
above border) of the preceding scanning track and the 
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locationally corresponding processual image formation 
data unit corresponding to the first raster (raster 
immediately below border) of the following scanning 
track become different in the priority order for dot 
elimination. In this embodiment, the priority numbers 
of the first to fifth dots, listing from the left 
side, corresponding to a given processual image 
formation data unit corresponding to the last raster, 
in terms of the order in which the dots are subjected 
to the dot-thinning process are, 1, 3, 5, 2, and 4, 
and the priority number of the first to fifth dots, 
also listing from the left side, corresponding to a 
given processual image formation data unit 
corresponding to the first raster, in terms of the 
order in which the dots are subjected to the dot- 
thinning process, are 5, 3, 1, 4, and 2, The 
objective of making the priority number in terms of 
the subjection to the dot-thinning process different 
from the ordinal number in terms of position is to 
prevent the dot- thinning process from degrading image 
quality. The above arrangement of the priority number 
is just an example, and is not intended to limit the 
scope of the present invention. 

To describe more concretely, if the 
theoretical amount, in terms of dot count, by which 
the ink of a given color is ejected by the ink 
ejecting orifice corresponding to a given processual 
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image formation data unit corresponding to the last 
raster of a given scanning track, according to the 
original image formation data, is 4, and the correct 
amount, in terms of dot count, found in the correction 
table 28 with reference to the total of the amounts by 
which the inks of other colors are ejected, is 1, the 
amount in terms of dot count, by which the ink of the 
given color is ejected, is reduced from 4 to 1 , being 
reduced by 3 dots; it must be reduced by 3 dots. 
Thus, first, it is checked whether or not the first 
dot, counting from the left side, is to be printed 
according to the given processual unit of the inputted 
image formation data. If the first dot is to be 
printed according to the given processual unit of the 
inputted image formation data, control is executed so 
that this dot is not printed. If the first dot is not 
to be printed according to the given processual unit 
of the inputted image formation data, it is checked 
whether or not the second dot is to be printed. If 
the second dot is to be printed, control is executed 
so that the second dot is not printed. This process 
is consecutively carried out, following the priority 
order, until the dot density is reduced by three dots 
(in other words, until ink ejection amount in terms of 
dot count is reduced to 1). The process for thinning 
the dots corresponding to the first raster is carried 
out following the priority order different from that 
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for the last raster, as described before. 

Figure 6 is a schematic drawing showing the 
portions of an image corresponding to a plurality of 
processual image formation data units, one for one, 
and the sets of dots encompassed by the portions of 
the image, in another embodiment of the present 
invention. Referring to Figure 6(a), on the top side 
of the border, the portions of the image corresponding 
to the last two rasters, that is, n-th and (n-l)-th 
rasters of the preceding scanning track are subjected 
to the dot-thinning process, and the image portion 
corresponding to the last two rasters is divided into 
a plurality of processual units equivalent to 5 x 2 
dot matrix, whereas on the bottom side of the border, 
the image formation data corresponding to the image 
portion corresponding to the first raster of the 
following scanning tracks is divided into a plurality 
of processual image formation data units equivalent to 
5x1 dot matrix, as in Figure 5. The top and bottom 
sides of the border may be reversed in the number of 
the rasters, the image formation data for which are 
subjected to the dot-thinning process; a single raster 
on the top side and two rasters on the bottom side. 

Figure 6(b) depicts a case in which the image 
formation data corresponding to two rasters are 
process on both the top and bottom sides of the 
border, and the image formation data for the image 
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portions corresponding to the two rasters on the top 
and bottom sides of the border are divided into a 
plurality of processual image formation data units 
equivalent to 5 x 2 dot matrix. 

The dot matrix configurations shown in Figure 
6 are remarkably effective when images are recorded on 
recording medium susceptible to bleeding. The 
numerical values in the drawings represent the 
priority order in which each of the set of dots 
corresponding to a given processual image formation 
data unit is subjected to the dot-thinning process. 
Also in this case, the priority is set so that the 
ordinal numbers for two adjacent dots do not become 
sequential . 

Heretofore, some of the preferable 
embodiments of the present invention were described, 
and the present invention encompasses the various 
modifications of these embodiments. 

As for an example of the modifications of the 
preceding embodiments, it may be on only one side of 
the border where corrections are made to the amounts 
by which inks are ejected from the orifices next to 
the border. 

Further, a plurality of discrete correction 
tables such as the above described correction table 
may be prepared according to the range of the amount 
of the bleeding which various recording media suffer, 
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so that a correction table appropriate in terms 
bleeding can be selected according to the recording 
medium selection by a user. Further, there are 
various kinds of recording media, for example, 
ordinary paper, coated paper, glossy paper, film, 
etc. Thus, with the preparation of the plurality of 
the correction tables according to the various 
properties of recording medium, the table selection 
can be switched according to the properties of each 
medium, a group of media, etc. 

In anticipation of situations in which the 
values found in the correction tables (primary tables) 
prepared through experiments do not provide 
satisfactory results due to the variation in the 
remaining amount of ink, ambient temperature, ambient 
humidity, variation among recording mediums, etc., a 
plurality of auxiliary correction tables may be 
prepared (or calculated) by multiplying the values in 
the primary correction tables by a coefficient in the 
range of 0.5 - 1.5 (fractions are rounded to nearest 
whole number), so that the values in the auxiliary 
correction tables can be selected prior to the actual 
printing operation. The preparation of such auxiliary 
correction tables makes the preceding embodiments of 
the present invention more effective. 

In the preceding embodiments, the values in 
the correction tables represented the correct amount, 
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in terms of dot count, by which ink should be ejected 
in order to minimize the possibility of the occurrence 
of the border streak between two adjacent image 
portions corresponding to two sequential scanning 
tracks of the ink jet recording head. However, the 
correction tables may be set up so that the values 
represent the number by which dots should be thinned. 
[Effects of Invention] 

According to the present invention, the 
amount by which ink is ejected along the border 
between two adjacent scanning tracks can be corrected 
with the use of the binary image formation data, 
making it possible to carrying out on the ink jet 
recording side, the correction process for making it 
possible to form images, in which the border lines 
between two adjacent image sections corresponding to 
two adjacent scanning tracks is as imperceptible as 
possible, eliminating the need for the image formation 
data to be modified on the side of a host apparatus 
such as a computer. Further, according to the present 
invention, the image formation data are divided into a 
plurality of relatively small data blocks which are 
sequentially subjected to the correction process. 
Therefore, process load is reduced without sacrificing 
print quality. Moreover, according to the present 
invention, correction tables are prepared to make it 
possible to quickly carry out the correction process. 
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Further, a plurality of correction tables are 
individually prepared according to the image areas 
targeted for correction, image color, recording medium 
type, etc., making it possible to carrying out the 
correction process in the most appropriate manner for 
forming images in which the border lines are as 
imperceptible as possible. 

[Brief Description of the Drawings] 

Figure 1 is a block diagram for showing the 
general structure of a typical ink jet recording 
apparatus in accordance with the present invention. 

Figure 2 is a flowchart of the correction 
process starting from the reception of the data from 
the ink jet recording apparatus shown in Figure 1 to 
the actual printing. 

Figure 3 is a schematic drawing for depicting 
the correction process, in one of the embodiments of 
the present invention, for correcting the amount by 
which ink is ejected. 

Figure 4 is a schematic drawing for showing 
the four sets of image formation data for Y, M, C, and 
K colors, one for one, each of which is divided into a 
plurality of blocks of data, or processual data units, 
each of which is equivalent to 5 x 1 dot matrix. 

Figure 5 is a schematic drawing for showing 
the priority order in which the set of ink ejecting 
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orifices corresponding to each processual data unit 
are controlled to reduce the amount by which ink is 
ejected from the set of ink ejecting orifices, in one 
of the embodiments of the present invention. 

Figure 6 is a schematic drawing for showing 
the priority order in which the set of ink ejecting 
orifices corresponding to each processual data unit 
are controlled to reduce the amount by which ink is 
ejected from the set of ink ejecting orifices, in 
another embodiment of the present invention. 

Figure 7 is a concrete example of a set of 
correction tables in which the dot count in each 
processual data unit is 5, in one of the embodiments 
of the present invention. 
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[ Document ] 

Abstract 

[Abstract] 

[Object of the Invention] 

To provide a single-pass ink jet recording 
apparatus capable of processing binary image formation 
data in order to form images, in which border lines 
between two adjacent image sections corresponding to 
two adjacent scanning tracks are as imperceptible as 
possible. 
[Solution] 

The portion of the binary image formation 
data corresponding to one or both of the first and 
last rasters of each scanning track of a recording 
head is divided into a plurality of small processual 
data units equivalent in size to a predetermined 
number of dots, and the theoretical amount by which 
ink is to be ejected from the set of ink ejecting 
orifices corresponding to each processual data unit is 
calculated based on the processual data unit* Then, 
the amount by which ink is ejected by the set of ink 
ejecting orifices is reduced based on the calculated 
theoretical -amount , in the manner to reduce the number 
of dots to be formed along the border. This dot- 
thinning process is carried out with reference to the 
correction tables prepared in advance to show the 
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relationship among the amount by which the ink of a 
given color is to be ejected according to a given 
processual data unit, the total of the amounts by 
which inks of colors different from the given color 
are ejected according to the same processual data 
unit, and the correct amount by which the ink of the 
given color should be ejected by the set of ink 
ejecting orifices corresponding to the given 
processual data unit. 
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